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Abstract: - Deciding on how to evaluate each students programming skills is one of the largest challenges facing 
educators who teach object-oriented courses. Traditional assessment of programming education is with Grade. Quite 
often students get good grades in programming but still facing great challenges or have difficulties to take on real 
programming jobs. This research focus on how we addressed this challenge in object oriented programming course 
by proposing a new assessment method to assess students’ object-oriented programming skills. The process begins 
by identifying generic object-oriented skills that students should acquired. In this paper we discuss the issues on 
object-oriented programming assessment and our proposed solution for a new assessment model. This followed by 
an approach taken in the process of identifying the object-oriented skills using Delphi technique. Delphi technique is 
a structured multi-step process that uses a group of experts to achieve a consensus opinion. We present the 
methodology of three Delphi processes to identify object-oriented programming skills. The identified skills will be 
used to guide both the coverage of student learning assessments and can be used by instructors to identify what 
topics merit emphasis. 
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1 Introduction 
According to the American Association of Higher 
Education [1], assessment is a systematic process of 
looking at student achievement within and across 
courses by gathering, interpreting and using information 
about student learning for educational improvement. The 
term “assessment” is often used in different contexts and 
means different things to different people. The result for 
assessment is used for continuous improvement of 
teaching and learning. Duse and Duse [14] in their 
research, highlight that assessment was always a 
controversial operations and the importance of 
assessments is indisputable. Assessments disclose and 
close the gap between curricular goals and student 
outcomes. What are the purposes of conducting an 
assessment? The main idea of assessment should be to 
improve student learning. Other purposes of assessment 
include: 
• To identify problems within a particular 
curriculum and establish an emphasis of 
particular skills areas within the curriculum. 
Such assessment can indicate the degree of 
success of a program or to foster continuous 
improvement.  
• To provide information to students about how 
well they have learned a particular topic and 
where they are having difficulty. 
• Students learning studies can be used to 
communicate learning achievement for specified 
outcomes. Students can determine their overall 
strengths and weaknesses in learning the course. 
• To provide information to educators about 
individual students’ understanding on particular 
topic  
 
Regardless of the specific purpose of an assessment, 
incorporating an assessment program in classes offers a 
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way to reflect about what we are doing and to find out 
what is really happen in classes. It provides a systematic 
way to gather and evaluate information to be use to 
improve our knowledge on students in particular 
courses. By using assessment, we can help students at 
assessing their own skills and knowledge. In this paper 
we will discuss issues and possible solution in 
enhancing the assessment and measurement by 
specifically focusing on object-oriented programming 
course assessment. We begin our discussion with the 
brief introduction on the concept of assessment in 
Section 2. Followed by the discussion on issues of the 
current assessment in CS and IT Programming 
Education in Section 3. We present our solution for 
enhancing the assessment in Section 4 and we conclude 
with discussion on our further work. 
 
 
2 Concept of Assessment in Education 
Assessment can be divided into formative assessment 
and summative assessment. These two categories of 
assessment are distinguished by the point at which the 
assessment occurs in a program. Formative assessment 
is usually being carried out at the beginning or during a 
program. It provides the immediate proof for student 
learning in certain course or certain point in a program. 
   One of the examples for formative assessment 
techniques is classroom assessment. This technique is 
used to collect feedback on how well the students are 
learning what they are being taught. The purpose of 
classroom assessment is to provide faculty and students 
with information and insights needed to improve 
teaching effectiveness and learning quality. 
   Another type of assessment is known as summative 
assessment. Summative assessment is used to check the 
level of learning. It is usually being carried out at the 
end of the program in order to generate a grade that 
reflects the student’s performance. The most common 
techniques of summative assessment are the final written 
examination. Students will be given a grade based on the 
correctness of their answers.  
   Approaches to assessment can also be categorized into 
norm-referenced assessment and criterion-referenced 
assessment [2]. Norm-referenced assessment “remains 
the dominant… (approach) within higher education and 
‘naturally’ preferred by most markers” [3]. Biggs [4] 
acknowledges that one of the main reasons for 
implementing norm-referenced assessment is for 
administrative convenience, but asserts that there is “no 
educational justification for grading on a curve” (p. 69). 
   A criterion-referenced model is an assessment model 
where the purpose is to assess the extent to which a 
student has achieved the goals of a course. In this 
context, the assessment is carried out aligned with 
specified criteria. Results are expressed in terms of how 
well a given student’s performance matches set criteria. 
This model is usually independent of any other student 
result. The standards are set before teaching takes place. 
A grade is assigned on the basis of the standard the 
student has achieved on each of the criteria.  
 
 
2.1 Concept of reliability and validity of assessment 
Assessment is an indirect measurement. When we assess 
a student, we are making inference about an abstract 
quality of the student in terms of their capabilities, 
knowledge, motivation or attitude. Measurement means 
we involve quality concept. When we talked about 
quality of assessment, there are two issues will rise; 
validity and reliability.  
   The traditional definition of validity is the extent to 
which a test measures what is was designed to measure. 
Validity is the most important consideration in choosing 
assessment. Most recent discussion on validity derives 
from Messick[5] works.  According to Messick, if the 
test does not measure what it supposed to measure, then 
the use of it is misleading.  
   We can divide validity into four types; predictive 
validity, content validity, constructs validity and 
concurrent validity. In predictive validity, it concerned 
whether the test predicts accurately the future 
performance, while concurrent validity is concerned 
about whether the test gives significantly the same 
results as another test of the same skill. Construct 
validity is concerned about whether the test is an 
adequate measure of the construct, that is the underlying 
skill being assessed. Lastly content validity is more 
straightforward where it concerns whether the test 
covers the skills necessary for good performance. 
   Another issue that relates to quality of assessment is 
reliability. Reliability is concerned with the accuracy 
with which the test measures the skill it is designed to 
measure. Would an assessment produce the same or 
similar score on two particular time or given by two 
assessors? Reliability therefore relates to consistency of 
students performance and consistency in assessing the 
performance. There are many reasons that assessment 
may turn out to be unreliable. Reliability can also be 
categorized into interrater reliability, stability and 
alternate-form reliability. In interrater reliability, it refers 
to the consistency among the assessors. If the test has 
only one assessor, interrater reliability is not an issue. If 
more than one assessor, then a consensus is needed on 
the standards marking scheme. While in stability, it 
refers to consistency over time. A test is said to be stable 
if we deliver the test again to the same group of students 
would get the same marks. Another reliability category 
is alternate-form reliability. It refers to consistency 
across forms. If different items that test the same 
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concept get similar marks, the test has alternate-form 
reliability[6].  
 
 
3. Methods and Issues with Current 
Assessment in Programming Education 
One of the biggest challenges for educators who teach 
programming courses is how to evaluate students 
programming skills [7]. There are numerous researches 
focuses on teaching and learning object-oriented 
programming [15][16] but few on evaluation. Thus, for 
this research, we focus on the aim to improve the 
assessment of one specific course in CS and IT 
Education, which is object-oriented programming 
(OOP). Object oriented is one of the most important 
programming paradigms. Virtually all universities that 
have CS and IT degree will include OOP as one of their 
core courses. We conducted a survey to identify issues 
with current OOP assessment amongst Malaysian 
universities [8][9]. 
 
3.1 Assessment Methods for Programming 
Courses 
From our survey, we found that respondents conducts 
assessment for students programming skill using these 
approaches; written examination, practical examination, 
programming assignments and viva.  
a) Written examination 
This is a traditional written examination 
covering the concepts of object oriented 
programming. The examinations include 
multiple choices, true/false or structured 
questions and it is done under comparatively 
short timed conditions. Major criticism for this 
type of assessment is because of the relatively 
short time allowed, answers may unavoidably 
be apparent and not all the learning outcomes 
may be assessed. 
b) Practical Examination 
In practical exam, students are required to write 
applications in a controlled environment and 
they must work individually. This approach 
requires students to be able to applied concept 
and technique in object oriented that they have 
learned during the class. Thus, through practical 
examination, the actual programming skills can 
be determined. 
c) Programming assignment 
Programming assignment is type of assessment 
where it gives the opportunity to the students to 
implement techniques of programming 
explained in class. It also provides the 
opportunity for the students to practice their 
programming skills. Assignments may be done 
individually or in groups. Students is also 
allowed to refer to external outsource. The 
major problem with this technique is that it is 
subject to plagiarism.  
d) Viva 
Other technique that is being used is viva. Viva 
is the techniques of assessment where the 
students must answered the questions orally. In 
a comparatively short of time, it is possible to 
ascertain both what the student knows and the 
depth of understanding. But the problems with 
this type of assessment is that it requires one-to-
one meeting with the students and for 
programming  courses it is quite difficult to 
evaluate their programming style or 
programming skills thru answering the 
questions orally. 
 
3.2 Issues in assessment of OOP course 
Regardless any approaches used, students need to 
answer a set of questions or problems by applying OO 
concepts that they have learned. Grade will be given 
based on the correctness of their answers. Most of the 
respondents highlight the problem with this approach is 
that grades do not reflect the actual programming skills 
that the students have acquired. 
Different educators have different expectation when 
marking the student’s work. So it is quite difficult to 
justify if student’s who get good grades in OOP at one 
university have the same OO skills with another 
students who also get a good grades in other university. 
Grades only represent the extent to which students have 
successfully met the university requirements and it is 
impossible to make inferences about what they know by 
looking at their grades. 
Another issue that arise from our survey is does the 
assessment is design to assess student’s OO skill? What 
are the guidelines when educators design the questions 
for OOP assessment? Based from the survey, we found 
that only three out of five universities apply Bloom’s 
taxonomy concept when designing the questions for 
their OOP assessment. Bloom’s taxonomy is a 
hierarchical classification of cognitive skills and 
capabilities. The taxonomy is popular and useful as a 
tool to facilitate appropriate questioning [10]. 
One of the drawbacks of using this model is that it is 
only measures the cognitive skills and capabilities. What 
about OO skills? Can we identify OO skills based on 
this model? When these questions were highlighted to 
the educators, most of them who involved in this survey 
agree that there is a need to have a model that 
specifically serves as a benchmark to conduct OOP 
assessment. From the model, educators can easily 
identify either their student’s have acquired the OO 
skills. Based on the results from the survey we develop a 
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model that can serve as a benchmark for assessing OO 
skills. 
Thus we need to develop a new way of thinking 
about assessment to deal with the issues that are 
emerging as assessment takes on this broader definition 
and purpose. We have identified the issues related with 
current assessment method. We proposed a new 
assessment model that can be used to support the 
assessment process specifically for OOP course. The 
model is based on the criterion-referenced assessment 
model that has been discussed earlier. It provides a 
better approach in assessment compared to the 
traditional approach, which is norm-referenced 
assessment model. 
Figure 1 shows our assessment model in a 
diagrammatic form. We apply Goal Questions Metric 
(GQM) approach when developing the model. In the 
following section we will describe the approach that we 
used to develop the model. 
 
 
Fig. 1. Assessment Model 
 
4. Implementation of the GQM approach 
Goal Questions Metrics (GQM) is a paradigm for 
developing metrics program to support software 
development and maintenance. However, the basic 
concept of GQM is applicable whenever effective 
metrics are needed to assess satisfaction of goals. In our 
research context, the approach is applicable because we 
need to measure how far students achieve the goals in 
learning OOP skills by establishing an appropriate 
metrics to measure it. 
   The GQM approach was initially developed by Victor 
Basilli and his colleagues in the 80s [11]. This approach 
is characterized by two processes which are; top down 
refinement of measurements goals into questions and 
then into metrics, and bottom up analysis and the 
interpretation of the collected data.  
In our research work, we adapt this approach when 
developing a model for assessing OO programming 
skills. The next paragraph will describe in details how 
we applied the GQM approach in developing the model. 
We begin by identifying the goals (G) of learning OO 
concepts that should be achieved by the students. This is 
then followed by the questions (Q) and the metrics (M). 
 
4.1 Defining Goals  
To help us formulate the model using GQM approach, 
we conduct an interview with a few experts in OO 
programming. The process of identifying OO skills also 
will be done based on the reviewing learning objectives 
for OO programming courses. The learning objectives 
are taken from several Computer Science and 
Information Technologies faculties in Malaysian 
universities. Learning objective from ACM Computing 
curricular will also serves as a guideline when 
identifying OO skills.  
Requirements and 
constraints of OO 
Programming 
OO Programming 
Learning 
 
4.1.1 Mapping Object-oriented Concept with 
Learning Objectives 
One of the most influential programming paradigms 
today is object oriented programming and it is widely 
used in education and industry. It also presents unique 
challenges with regard to teaching, learning and 
assessing student progress. Many people claims that 
learning OO is difficult [17, 18, 19]. One possible reason 
that learning OO is so difficult may be due to reason of 
not comprehensively understands the fundamental 
concepts of OO approach. To date, not much review and 
literature has been done on identifying the fundamental 
concept of OO, except one study by Amstrong [12]. She 
conducted a thorough review and literature on OO and 
come out with taxonomy of OO (refer Figure 2.). The 
next paragraph will briefly discuss the fundamental 
concept that has been described by Amstrong. 
   These eight fundamental concepts of OO must be 
skillfully applied by those who develop OO program. 
Therefore, these concepts must be incorporated in 
learning objectives for OOP courses. An analysis has 
been done to propose comprehensive learning objectives 
for OOP courses that can be adopt by any faculties 
offering OOP courses. Our analysis were based on the 
learning objectives for OOP as proposed by ACM 
Metrics for 
each of OOP 
Rubric Score for 
each of OO 
Object-oriented 
programming skills 
GQM 
Approach +  
Grades in OOP course 
reflecting students’ OO 
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Computing Curricula 2001[20], learning objectives for 
OOP from several universities in Malaysia and a revised 
learning objectives as suggested by Decker [21]. 
 
 
 
Fig. 2. Taxanomy of object-oriented Concepts 
 
We also incorporated Delphi techniques in the process 
of defining the object-oriented programming skills. 
 
4.1.2 Delphi Technique 
The Delphi was used to consult a body of expert, gather 
information and formulate a group consensus while 
limiting the complications and disadvantages of face-to-
face group interaction. In our case, the Delphi is used to 
derive generic OO competencies that students should 
acquire when they learn OOP course. 
   The Delphi technique begins with the initial 
development of a questionnaire focusing on the 
identified problem by the initiator. Next step, an 
appropriate respondent group will be selected and the 
earlier prepared questionnaire will be mailed to each of 
them. The respondent will answer the questionnaire 
independently and they will return it to the initiator. 
The initiators of the questionnaire will summarize 
responses received, develop a feedback summary and a 
second questionnaire for the same respondent group. 
After reviewing the feedback summary, respondents 
will continue rate priority ideas included in the second 
questionnaire, then mail back the responses. The 
process is repeated until investigators reach an 
agreement on a topic that being discussed. A final 
summary report is the will be issued to the respondent 
group. 
 
4.1.3 Methodology 
The methodological approach that will be used 
combines theory and practice. In the theoretical part, 
the fundamental aspects OO programming, as well as 
its definition, main features, and learning objectives 
will be reviewed. Additionally, the existing literature 
will be reviewed to identify the source that can be used 
as a guideline for identifying the OO skills. During the 
second stage, an empirical application of the technique 
will be formulated in order to obtain opinions from OO 
experts on the measuring of the OO skills. Further 
stages will be: 
a) Experts Selection:  
Experts who will participate in this 
investigation of the Delphi method will belong 
to one of these three groups: 
• Educators from several universities 
who have experience in teaching OO 
programming for more than 5 years. 
• Experts/Educators or professors who 
conduct an extensive research on OO 
domain. 
• Representative from several software 
development companies who involved 
in object oriented software 
development. 
b) Questionnaire design:  
 The questionnaire will focus primarily on the 
 following aspects: 
• Clarity and comprehension of the 
object oriented key concept 
• Clarity and comprehension of Learning 
Objectives (LO) for OO programming 
courses. This LOs are derived from the 
analysis of LO’s as proposed in ACM 
CC2001, a revised version of ACM 
CC2001 and LO’s from OOP courses 
among Malaysian universities. This 
LO’s will serve as a references or 
starting point for OO expert to define a 
details OO programming skills related 
to particular LO’s. Experts are then 
will identify the specific OO skills 
based on the LO’s and OO concepts. 
c) Delphi applications:  
Once the questionnaire is ready, the whole 
process described above will be implemented 
(questionnaire sending, reception, feedback, 
etc). As soon as the consensus is reached, the 
process will be complete  
 
   The output from this process will be the goals that 
need to be achieved for those who learn OO 
programming, which is the first level in QGM approach 
(refer Table 1). 
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Table 1. Learning Objectives for OOP Course 
 
LO Code 
Identifier 
Learning Objectives 
(LO) 
Object 
oriented key 
concept 
LO1 Design, implement, 
test and debug simple 
programs in an object 
oriented programming 
language 
Abstraction, 
object, class, 
inheritance, 
encapsulation, 
message 
passing, 
method, 
polymorphism 
LO2 Describe the concept 
of object interaction 
Object 
LO3 Describe how the class 
mechanism supports 
encapsulations and 
information hiding 
Encapsulation, 
class 
LO4 Design, implement and 
test the 
implementation of ‘is-
a’ relationship among 
classes using a class 
hierarchy and 
inheritance. 
Distinguish between 
the superclass and the 
subclasses in these 
relationship 
Class, 
inheritance 
LO5 Compare and contrast 
the notions of 
overloading and 
overriding methods in 
an object-oriented 
language 
Method 
LO6 Explain the 
relationship between 
the static structure of 
the class and dynamic 
structure of the 
instances of the class, 
especially in the 
context of how 
dynamic dispatch is 
involved in subtype 
polymorphism 
Class, 
Polymorphism 
LO7 Describe how iterators 
access the elements of 
the collection 
Method, 
message 
passing 
LO8 Describe the difference 
between subtype 
polymorphism and 
inheritance 
Polymorphism, 
inheritance 
LO9 Create a collection, 
insert elements into a 
collection, and iterate 
over elements in a 
collection 
Class 
 
4.1.4 Current progress 
A few experts has been selected and invited to 
collaborate with this research. Most of the experts are 
educators, researchers and software developers who have 
experience in object-oriented programming. A first 
round Delphi method is currently being conducted by 
distributing the first round questionnaires to the expert. 
The questionnaire is divided into two parts. Part one 
consists of questions related with identifying the core 
concept for object-oriented programming. Experts were 
then asked to put the weightage for each of the OO 
concept according to their importance. In this phase, 
experts can include another OO concept that not 
included by the researcher from the questionnaires.  
In part two, experts need to identify the specific OO skill 
for each of the OO concept in part one. The OO skills 
are basically the expectation of the experts on how 
students will apply these OO concepts in their program 
source code. This will include the OO concept that has 
been added by the expert in part 1. 
   A sample answer has been received from the Delphi 
round one. Some of the feedbacks are shown in Table 2 
below. The feedback from the experts will be collected 
and analyse by the researcher. The next step will be the 
second round of the Delphi study.  
 
Table 2. Part of Delphi Round One Feedback 
 
OO Concept Specific OO skills on how 
students should apply these 
concept in their program source 
code 
Class Identify the proper class, method 
and attribute to solves a particular 
problem 
Object Able to create a structure of 
object collaborating among 
themselves to carried out task (vs. 
one object doing everything 
itself) 
Abstraction Define the class at the proper 
level on abstraction 
Encapsulation Able to appropriately encapsulate 
attribute method of a class 
Inheritance Able to create an inheritance 
hierarchy of classes (not by 
convenience – should be is-a 
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relationship) 
Polymorphism The ability to send the same 
message to different object which 
then invokes different responses 
Message passing Able to construct a message to an 
object based on the signature & 
description of the class 
Method Able to define accessors and 
mutators by method 
 
4.2. Defining Questions 
The next step is to define a set of questions that will help 
to achieve the goals. For each of the OO skills that have 
been identified, a question will be asked on how to 
achieve the goals. This question will help to defined 
what factors or attribute that are related with the goals. 
In our context, the questions will reflect on identifying 
concept of OO that related with the OO skills. There are 
eight OO core concepts that need to be captured for 
those who learned OO [12]. These concepts are: class, 
object, inheritance, polymorphism, encapsulation, 
method, message passing and abstraction. 
 
4.3. Defining Metrics 
For each of the questions that we have identified earlier, 
we will come out with a set of metrics that serves to 
answer each of the questions. This means for each of OO 
skills that related with OO concept, we will identify 
what are the suitable metrics that we can use to measure 
the goals. For example, we can apply OO metrics like 
Number of Class (NOC) to identify number of classes 
that has been identify in the program source code.  
 
4.3.1 Object-oriented metrics 
Analyzing OO systems in order to evaluate their quality 
gains its importance as the paradigm continues to 
increase in popularity. Consequently, several object 
oriented metrics have been proposed to evaluate 
different aspects of the system. The next paragraph will 
discuss briefly on OO metrics as proposed by Chidamber 
and Kemerer [22]. 
 
Metric 1: Weighted methods per class (WMC) 
This metrics refers to the number of methods 
implemented within a class or the sum of the 
complexities of the methods. The predictor of how much 
time and effort required to develop and maintain the 
class is using the number of methods and the complexity 
of the methods.  
Calculation:  
 
For a class C with methods M1, M2,…, Mn, with 
respective weight of c1, c2,…., cn, the calculation is 
 WMC= ∑  
=
n
i
ic
1
 
Metric 2: Depth of inheritance tree (DIT) 
DIT refers to the concept of the depth of a class 
within the inheritance hierarchy is the 
maximum number of steps from the class node 
to the root of the tree. DIT concept is measured 
by the number of ancestor classes. The length of 
the maximum path from the node to the root of 
the three is DIT. 
 
Metric 3: Number of children (NOC) 
NOC refer to the number of immediate 
subclasses subordinate to a class in the 
hierarchy. It serves and an indicator of the 
potential influence a class can have on the 
design and on the system. 
 
Metric 4: Coupling Between Object Classes 
(CBO) 
CBO refers to the concept of amount of other 
classes to which a class is coupled. CBO is 
normally measured by calculating the amount of 
discrete non-inheritance related class 
hierarchies on which class depends. 
Unnecessary coupling is detrimental to modular 
design and prevents reuse.  
 
Metric 5: Response for Class (RFC) 
RFC is the number of the set of all methods that 
can be invoked in response to a message to an 
object of the class or by some method in the 
class. All methods available within the class 
hierarchy were included. Complexity of the 
class can be seen through the number of 
methods and the amount of communication with 
other classes.  
 
Metric 6: Lack of Cohesion Metric (LCOM) 
Measures the correspondence of methods in a 
class by instance variable or attributes. A highly 
cohesive module should stand alone.  
 
Metric 7: Cyclomatic Complexity (CC) 
Cyclomatic complexity (Mccabe) is used to 
evaluate the complexity of an algorithm in a 
method. It is a count of the number of test cases 
that are needed to test the method 
comprehensively.  
Calculation: 
 CC = edges – nodes + 2 
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Based on the review towards these OO metrics, some of 
them are suitable to be used to extract OO concept from 
the source code. The suitable metrics can be tailored so 
that the output of the metrics can be used as one of the 
approach to extract certain OO information. Table 3 
below shows the related OO metrics with OO concepts: 
 
Table 3. OO metrics with respective OO 
concepts 
OO metrics OO Concepts 
Cyclomatic complexity (CC) Method 
Weighted Methods per Class 
(WMC) 
Method 
Response for Class (RFC) Message 
Depth of Inheritance (DIT) Inheritance, Class 
Number of Children (NOC) Inheritance, Class 
 
The output from this process is a model that consist a 
list of measurable OO skills that students should 
acquire when they learn OO programming courses. The 
example of our model development is shown in three 
steps below. 
 
Step 1: Defined Goals  
 
Goal Detailed LO 
1. Understand that an 
object-oriented program  
consists of several 
different objects 
{G.2.1} 
2. Understand object 
connection within 
certain structures 
{G.2.2} 
LO2: describe the 
concept of object 
interaction: {G.2} 
3. Understand the 
dynamics of these 
object structures 
{G.2.3} 
 
Step 2: defined the questions: 
 
Goal Detailed 
SubGoal (if 
Applicable) 
Defined 
Questions 
LO2: describe the 
concept of object 
interaction: {G.2} 
Understand 
that an 
object-
oriented 
program  
consists of 
several 
different 
How to identify 
object in a 
program source 
code {Q.2.1} 
objects 
{G.2.1} 
Understand 
object 
connection 
within 
certain 
structures 
{G.2.2} 
Do students 
know how to 
create a 
connection 
between 
objects? {Q.2.2} 
Understand 
the 
dynamics 
of these 
object 
structures 
{G.2.3} 
Do students 
understand 
connection 
between 
objects? {Q.2.3} 
 
Step 3: Defined metrics 
 
Goal Detailed 
SubGoal (if 
Applicable) 
Defined 
Questions 
Defined 
metrics 
Understand 
that an 
object-
oriented 
program  
consists of 
several 
different 
objects 
{G.2.1} 
How to 
identify 
object in a 
program 
source 
code 
{Q.2.1} 
Number 
of objects 
involved 
{M.2.1} 
Understand 
object 
connection 
within 
certain 
structures 
{G.2.2} 
Do 
students 
know how 
to create a 
connection 
between 
objects? 
{Q.2.2} 
Complexit
y of the 
method-
call 
sequence 
{M.2.2} 
LO2: 
describe 
the concept 
of object 
interaction: 
{G.2} 
Understand 
the 
dynamics 
of these 
object 
structures 
{G.2.3} 
Do 
students 
understand 
connection 
between 
objects? 
{Q.2.3} 
Complexit
y of 
structural 
changes 
(creating 
or deleting 
objects 
and 
references
) {M.2.3} 
 
 
4. Current progress 
Currently the research is still in Delphi round one. Only 
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few experts have submitted their answers and the rest 
still in the progress. Delphi round two can only be 
started after all the feedback from the experts has been 
collected and analyse. This is the major drawback of 
Delphi study because it involves human for providing 
data. It is hope that the process of collecting data from 
the experts will run smoothly and the development of 
the assessment model can be done. 
 
5. Conclusion 
In this paper, the issues and possible solution in 
enhancing the assessment of Computer Programming 
courses, specifically OOP are presented. Current work 
on the approach used to develop assessment model for 
object-oriented programming assessment are being 
discussed. The extent of the results for the analysis of 
learning objectives on object-oriented programming 
courses can be used to prepare an assessment model are 
also shown. The process of collecting and identifying 
OO skills based on the interviews with OO experts and 
reviewing learning objectives for OO courses to 
complete the assessment model is still being carried out 
A Delphi study were incorporated in the process of 
developing the assessment model. For further work, the 
focus isv on the development of the assessment method. 
The appropriate assessment instrument to the validate 
model need to be identify.  
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